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conductive : barrier layer 140 comprises one or. more :mate? ; ; 
rials from the group of: titanium, titanium nitride, tantalum, : 
tantalum . mtridej . tangste n : nitride ; . ternary. ; metal- silicon-- ; 
nitride (WSi^pj and; ternary metid-toroh-nitride (WB^). : 
Tungsten: mix^^^ 

elearole&s' plating :of copped : Tie coaductiw : barrier. layer : 
140 is preferably: deposited lb a :ihickhcsa of between about : 
500 Angstroms and SfiCO Angstroms. . : 
: : : A |rhetil ; layer -144 is :deposiied overlying :tfee conductive: 
barrier layer. 140 and • ruling the: trenches^ : as- shown in FIG, : 
A. The: ineiai layer 144 may comprise: copper, a :copper alloy,: 
aluminum, or: an aluminum; alloy. : Preferably, the inctal ■ layer : 
144 : comprises: copper. \ that : has :been : ^deposited : by: one: or. 
more of the following ixbcesses^physical vaf^r deposition : 
(PVD) j: eiecbrokss; plating, : and chemical .vapor : deposition 
(GVD). Subsequent: : anneaiing of the:deposited coppering: 
furnace or in rapid thermal annealing (KTA) equipment at a 
temperature of between ; about 100 degrees 0. and 400 
degrees : C, is performed/ Note that the • relatively large width; : 
of the ; trench: allows the copper layer 144 to : be deposited : 
without creating voids, *: 

. . . Referring now to FIG. 5, another. * important feature is 
described: The metal layer 144 and the : conductive barrier 
layer 140 are polished down to confine ihe metal layer 144 
and the conductive barrier layer 1 40 to the trenches and to 
thereby form the damascene mterconnectsv At this point in : 
the process, : the ' interconnect ; patient • for: the ; interconnect : 
level h as been ■ formed : in : ;the trenches : and : has : been: rilied : 
with : the metal; layer : i44; Note that : this : means that it is the: 
dam ascent intercon necls i 44 :and :not the : vias for this level : 
e hat: xonnect do wn ward : to : the : con tact : plugs 128 1: 
Subsequently, :the\ia^^ 

upper portion : of :the : dam ascene interconnects 144 m aking 
this 4 reversed damascene :prbces«.wrten compared to: the: 
topical prior arti:Notc also that the damascene imercorme-cts 
144 ; are: : traly formed by : a : damascene process comprising 
trench : formation followed by . metal inlay . Therefore^ the 
entire thickness of the; metal layer does not have to be etched 
in the; interconnect formation process. : y ; : ; :; 
: : : Referring now to FIG 6 f the:damascene interconnects 144: 
are paisersed to form via plugs 152 . This paitetning is done : 
by : a : photolithographic : process. : : An • organic : bottom . ;ariu*-: ; 
reflective coating f BARG) layer 149 is appHe&overlying : the : 
met&Mayer:144; The BARC layer l49 reduces the reflect 
tivity of the metal layer 144; during the t xposure step cf the . 
lithographic sequence . The B ARC layer ; : 149 : comprises ; a ; 
commercially^ available ; mate rial such - as poly.: 
(arylsulfunate)-based : material :or polyacrylate -based mate^ : 
riaLTtshould :te - understood that the ; B ARC : layer: 149 is an x : : 
optional - step : tibat: is included: in :the present invention: as ; k : so 
typical : process. : A : photoresist : : la ye r : 148, : 152 : : is applied: j 
overlying the: BARG layer 149. The photoresist layer : 148 , : 
152 is exposed to: actinic, light : through: a : mask :i hat combines : 
the : : jditi; : of : the : : aforementioned : J trench : |mask : : (phdtor esisl : 
are as : j labeled : ; 148) : wilh : ; data: specific : . to- : the : • via : plugs ; 
(r^o toresist : ;areai : labeled : 152).; : After envelopment,- : the : 
phbibresist layer 148jl52 remains; overlying the first dielec-: ; 
trie : layer ■ 132 :and . the : damascene ; interconnects ; 144 /while : 
cxj^"n^astlectt4r^ 

prese nee - of ;the • phbtoresist layer; : 148 ; overlying - : the : ;fks t : 
dielectric: kyer; 132 :p^ 
from metal; diffusion; cspcciitliy bf copper, during • the : ct ch-: 

; : : Note: that: the patterned^ photoresist layer sections' 148 and ; : ; : 
152;:may; need;:to; 

dieleeinc:layer : 132:is never exposed, during- the etching; of : : : • ■ : 
the metal layer ■ : 144. For>cxampie^ ; ^if • ah anisotropic ; dry. - x 
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etching process is used to etch the : metal layer 1.44;: then t he : 
patterned; ^photoresist sections '■ 148 ;shbuld be oversired on^ 
the : trench edge 150 by between :abbut 0.01: microns and 0.5 ; 
micronsltp insure:that the patterned phoioresist 148 overlaps: 
the : : conductive^ : barrier: layer : 140 : :even : binder. : .worst ■ : case 
[ ali^mient, : I f ja: wet '4 tch : is: ^icfc : :then " ; tie' : patterned : phbtr> : 
: ixsist: actions 148 : should :bc byersi zejd on the : trench edge 
150 by berween about 0.01 microns arid 03 microns and >he; 
:pattemed photoresist section 152 bwl^hg me ;via : plugs 160. 
: should be oversized 151 by between about 0:02 microns arid 
1;0: micron to: compensaie :for alignment: tolerance and fbr: 
: lateral : etching :that : rna y: occurJ : These '■ :concepts : arc : also 
applicable for subsequent levels of darnascene mtercpimects: 
: formed in : the method: of :the prese nt : in vention: : : : : : 
: : : ilie :patternin|;: cf: th^ 

accomplished : by. plasma- assisted : dry etching of: by : wet: 
: etching; : A : 'wet: : etching: se iective: \ to: t he : metal 1 ayer : : 144 
re iative: to the inductive barrier 1» yer 140 is prefe rred. If a: 
wet: etch:is used : and :the • metal j:pf| the: metal: layer: 140: is- 
copper : the e tchihg chemistry should: comprise: one: or more: 
of the group containing: dimethylsulfokide (DMSG), : carbon; 
tetrachloride : : (GCl^), : acetic . acid: (GH^GO.OH), WH^i : 
hydrofiuoric . acid ;(HF), tetrameEhy larnrnonium hydroxide ; 
(TMAH)i tetraelhylammonium hydroxide (TEAR), ietra-: 
propylammonium hydroside (TPAK), water, surf actant, and; 
benzotriazole (BTA). Some preferred solutions : include; : 
DMSO and GQ^, NHJF and acetic acid, and HF, NK^F, and: 
water. If a plasma-assisted • dry . etch - is: used, : the : etching^ 
chemistry shou Id comprise one or. more of the ; group: con : : 
tainiQg:-:Gl2,:BCpi:N 2 ;:and:fI 

The etching process is timed such that the damascene : 
interconnects 144 are only partially; etched down. After -he • 
etch, via plugs 160 have been formed in an upper portion of 
the damascene interconnects 144 . The ; re maining ; lower; 
portion may; now be : cillcd: the- conductive lines 156. : Note : 
thai the via plugs l^O are formed from the same; metallayer; 
144: as the: conductive : lines : 15.6J : Therefore*: : there ■ : is: : no '■ 
possibility : of the : via plugs 160: being misaligned : to: t he: 
conductive : lines : 156, : Preferably, the: via plugs are: formed ] 
with a vertical thickness of between about :2,Q00 ; ADgstrorhs: 
and : 10,000: Acgsiroms." •:-:- 

The presence of uhe cocdactive barrier layer; 140 arid she: 
photoresist layer 148 : overlying:the first dielectric layer: 132: 
prevents :meul:ccmtamma^ 

first .-dielectric: layer 132 : daring : ihc etching : process,: : Upon : 
re moy al cf : the photoresist : layer : 148: ^and 152^ an optional; 
hydrogen : plasma : :or : ammonii • plasma : - treatment : may : be: 
performed ' to: remove : : any : copper :oxide: from: ;^ 
;prior:tb: the :depcsiupn:pf :th«:-next:Uyer;of:flte. : :-::: : :-:;:::;: : : : :-: 
; : : ■ Referring how : to : FIG : :7>: a : npQH»nrhic dve :barrier layer: 
: 164: is deposited overlying the first: dielectric: layer : 132^: the : 
: conducuye barrier: layer 140, the via plugs and iheVcondac-: 
ftive:; lines:; :144;| : ;There \ : are : iwa : purposes^: for : : the npn^ 
: cohoijctive barrier layer. First, if : copper. is;used tot] the: 
: metal :kyer,-:the ■ noh^iiductive : barrier : layer : 164. preyerits; 
: epppef : -P^.f^sion :^o the " : 6veilyiag- dielectric material : : 
: Second^: the; non-conducuve -barrier layer; 164 can; act : as an; 
: etch: stop ; during -rbrmarioQ of; trenches for the; next level of 
mtcrconnectxThc ndn^nductivcl barrier layer ■: 164: com- : 
; prises;bne or more of the following materials: silicon nitride, 
; A^pHed- Materkl ^ 

: bon nitnd&'^ ■ bbrori |rntrid C ' ■ : wibon: bbron- nitride, ;and smcon: 

] oxynitridc.: The^ non^i^ciiyc:barrier layer: 164 :is prifer-: 

:ably:i^^si^d;:tb 

• stfbiiEs; : and ■ 5,000 Aj*gsX^^ 

:;:;: : A : second;dielectric layeriW 

; the : TOn^nd^ictrve barrier, layer : 164. -The second cheicctric 



